Embryos of three different inbred strains and one substrain of Oryzias latipes were irra diated with UV light (25 to 300 J/m2) at the morula stage. Dose-dependent decrease in the surviving fraction was observed in embryos of all strains when examined at optic bud forma tion stage (Stage 19). It differed, however, in extent among different strains examined. The strain most sensitive to UV light was HO4C, 50% survival dose being 50 J/m2 , whereas in HB32C (resistant strain) 50% survival dose as high as 150 J/m2 was found. The survival rates in embryos of all strains were increased by post-irradiation illumination with visible light, the photoreactivable fraction being 0.4 to 0.7. The survival of irradiated embryos when examined at hatching was lower than that examined at Stage 19 in all strains and in this case also, the highest sensitivity to UV of HO4C embryos was clearly demonstrated.
INTRODUCTION
In general, the embryonic stage is thought to be the stage of life most sensitive to various mutagens and chemicals. In recent years, several studies have been published concerning the effects of chemicals or radiations on the development of fish embryos'-').
Mortality, hatchability of the eggs, and the induction of malformations have frequently been used as criteria for biological effects on fish eggs or embryos.
Five inbred strains of the teleost, Oryzias latipes, two pedigrees of orange red variety and three of wild type fish, have been established by full sister-brother matings throughout successive 22 generations'). In order to evaluate the useful ness of these strains as a test system of mutagenic and carcinogenic agents, the effects of UV light irradiation on their embryos were studied in the present experiments. The photoreactivation (PR) of UV light damage in cells of the embryos was also studied, because the eggs of the fish are transparent, and can easily be exposed also to visible light. The study of UV light radiation in lower vertebrates has been limited primarily to cultured cells. Only a few materials, fish eggs'), sea urchin eggs') and the caudal fin of a fish'), were used for the study of UV light damage in vivo.
MATERIALS AND METHODS
The three different inbred strains (HO4C, HB12 and HB32C) and one sub strain (HO4C1) of the medaka, Oryzias latipes, established in this laboratory') were used as parents. In order to get synchronously developing embryos, the fertilized eggs laid down within a short period after mating were harvested. The males and females were separated in the afternoon of Day 1, and in the morning of Day 2 (at 9:00 a.m.) they were mated for 40 min and the laid eggs were collected. Then, the embryos were irradiated with UV light (25 to 300 J/m2 ) at morula stage (at 1:30 p.m.), with their animal poles oriented to UV light. The embryos had been put into a petri dish without water. The UV light source was a 15-W germicidal lamp producing a dose of 1.38 J/m2/sec. The dose rate was measured by a TOPCON UVR-254 meter. Immediately after UV irradiation, the embryos were incubated in water at 25°C in the dark for 20 hr. To examine the PR effect, some of the UV-exposed embryos were kept in water in glass vessels under two 20-W day light fluorescent lamps (National FL20D), set in parallel 14 cm above the vessels (about 7000 I x). From 1 day after fertilization, the embryos in UV alone and UV+PR treatment groups, were reared in aged steriled tap water under room light at 25°C. Observations of the embryos were made every day until hatching in order to check the surviving and hatching embryos. Dead embryos were removed from the vessels.
For the experiments to check the time course of photoreactivation and effective period of visible light illumination, about 400 embryos of the HO4C were irradiated with UV light at late morula stage (at 8 hr after fertilization) and exposed to visible light either for various periods of time or at various times after UV irradiation.
RESULTS

UV sensitivities of embryos of the different inbred strains
The daily mortality data of embryos of the inbred strain HO4C kept in the dark or under illumination with visible light for 20 hr after UV light exposure showed that a majority of the embryonic death occurred within 2 days after UV irradiation (Fig. 1) , embryonic development being arrested before the formation of the optic buds (at Stage 19 in Matui's normal table of this species)"). A second peak of the embryonic death was observed around 10 days after fertilization, i.e. the time of hatching of these embryos. Under dark conditions, almost all of the embryonic death occurred at the early developmental stage (Fig. 1A) . Illumination with visible light could decrease their mortality rates in all dose groups (Fig. 1B) . Dose-dependent decrease in survival rates at the early develop mental stage (at Stage 19) and existence of the PR phenomenon were observed (Fig. 2) . In the embryos of inbred strains HB12, HB32C and HO4C1, occurrence (Fig.  3) . The results showed that the strain HO4C was the most sensitive to UV, 50% survival dose being 50 J/m2, HB32C was the most resistant strain, 50% survival dose being 150 J/m2. Photoreactivation was found in all strains when embryos were illuminated with visible light after UV light irradiation. With visible light illumination for 20 hr, 50% survival dose of UV irradiated HO4C embryos was increased to 125 J/m2. From the dose-survival curves of UV irradiated embryos with or without visible light, photoreactivable fractons were calculated. They were 0.4, 0.5, 0.6 and 0.7 in the inbred strains HB12, HO4C, HO4C1 and HB32C, respectively. The fraction of the embryos surviving at hatching was lower than that found at Stage 19 in all strains. However, a higher sensitivity of HO4C embryos to UV irradiation than the other strains was clearly demonstrated. The time course and effective period of photoreactivation The late morula of the strain HO4C, 8 hr after fertilization at 25°C, were exposed to UV and then illuminated with visible light for 0-12 hr (Fig. 4) . The survival rate at Stage 19 in figure 4 showed that the embryos recovered almost completely from the UV light damage by PR treatment for 40 min or longer. To examine the periods of time effective for photoreactivation, UV irradiated embryos were kept in the dark and treatment by visible light was commenced at different intervals after UV irradiation. During a period of 0-40 min, the efficiency of PR was very high and almost complete survival was found at Stage 19. After 40 min, survival rate was gradually decreased. At 120 min, PR effect was hardly observed (Fig. 5) . The critical period of time for efficient PR seems to coincide with one cleavage cycle time of this embryonic stage. 
DISCUSSION
Recently, several reports of UV irradiation on fish embryos, gamates or cultured fish cells have been published ', 11, 12) . Ijiri (1980) examined the survival rate of embryos at several developmental stages after UV irradiation of the newly fertilized eggs of Oryzias latipes. These results showed that newly fer tilized eggs were highly sensitive but embryos suddenly became resistant to UV light at about 30 min after insemination. It has been reported that PR emzyme is present in unfertilized and fertilized eggs of this fish'). In the present experi ments, a high UV sensitivity of embryos at early morula stage of Oryzias latipes, especially in the strain HO4C, has been demonstrated by examing the survival at an early developmental stage (at Stage 19). The restorative effect of visible light on survival at the early developmental stage and on hatching has been clearly demonstrated in the embryos of different inbred strains of this fish. The photoreactivable fraction varied from 0.4 to 0.7 among different strains. The embryos of the HB32C were the most resistant to UV light and had the largest photoreactivable fraction. On the other hand, high sensitivity to UV and relatively small photoreactivable fraction (0.5) have been observed in the embryos of the strain HO4C. But a close correlation between UV sensitivity and photoreactivability was not demonstrated among the embryos of different inbred strains.
The surviving fraction in the embryos of strain HO4C was considerablely low within low dose range (25-100 J/m2) under dark conditions and the dose survival curve could not be fitted to a single straight line at the low-dose end as shown in figure 2A . The reason for the initial abrupt decrease is not clear, but it is possible that high mortality induced by low dose of UV under dark con ditions is due to inherent high susceptibility to various stimuli of HOW. Higher susceptibility to temperature change (low temperature) and infection of HO4C embryos is observed in this laboratory (unpublished data).
The short period for PR sensitivity and quick loss of photoreactivability may be due to the short cleavage cycle time at 25°C in the embryos of O. latipes. On the other hand, in cultured fish cells, the period sensitive to PR was reported to extend up to about 30 hr after UV irradiation"). A long cell cycle time (about 1.2 days at 26°C) was also reported's)
It may be concluded from the present results that (1) as criteria for biological effects on fish eggs, hatchability and death of embryos at Stage 19 are useful, (2) dose-dependent effects of UV irradiation on the fish development are demon strated, (3) the sensitivity to UV is different among different inbred, strains, (4) visible light illumination after UV light irradiation markedly enhanced the survival.
